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PoAb noAMMOpPOU3IMOB reHOB PEHUH-AHIMOTEH3UHOBOM
CUCTEMbI B PA3BUTUN YTAEBOAHbIX HAOPYLUEHUH

Y NAUUEHTOB C APTEPUAABHOU FTMNEPTEH3NEN

A.B. XypasaeBa, M.B. KyaukoBa

XapbKOBCKMI HAaLMOHANbHbIN MEANLMHCKUI YHUBEPCUTET,
61022, YKpaunHa, XapbKkos, np- Haykun, 4

AHHOTAUMSA

ApTepuanbHasa runepTteHsua (Al u caxapHbiii anabet (CA) 2-ro Tvna aBnATCA Hanbonee pacnpocTpaHeHHOW KomopbuaHoi
natonorueit. CocyLecTBoOBaHME 3TUX HapYLLUEHWIA YCKOPAET Pa3BUTUE MUKPO- U MAKPOCOCYAUCTbIX OC/I0XKHEHUIN, 3HAUYUTENBHO
yBe/MYMBAET CepAeYHO-COCYAUCTbIM PUCK, PUCK MHCYNbTa W TEPMWHANbHOW CTaAuM MNOYEYHOW HeAOoCTAaTOYHOCTU.
CMHEPrMYHOCTb 3TUX ABYX NaTONOMMIi 0bycnoBAeHa eAMHCTBOM NAaTOreHEeTUYECKMX MEXAHM3MOB, B TOM YMUC/IE FTeHETUYECKOM
npeapacnosoKeHHoCTblo. M3BecTHO, YTo 610Kaga peHWH-aHrMoTeH3nHoBol cuctembl (PAC) samepnset passutne CL 2-ro
TMNA, a TaKXKe CHUMKAET YacToTy C/ly4aeB KapAMOBACKYNAPHbIX MW NOYEYHbIX COBBITUIN Y HOBbHBIX C AAHHBIMW HAPYLIEHUAMM.
Monumopdurambl reHos PAC aKTMBHO M3y4yaloTCA B KOHTEKCTE Pa3sBUTMA KAapAMOBACKYNAPHbIX 3aboneBaHWit. B HacToslee
BPEMS He YCTaHOB/IEHA PO/ib MOAMMOPGU3MOB 3TUX TEHOB B PA3BUTUM YIIIEBOAHbIX HAPYLUEHWUI, 0AHAKO cylLecTByeT bonbluasn
BEPOATHOCTb MX y4yacTus. Llenb 063o0pa: NpoaHan3mMpoBaTb HAaKOMIEHHbIE AaHHble 0 BAUAHUKM noanumopdunsmos reHos PAC Ha
passutue Al n C41 2-ro Tmna.

Kniouesble cnosa: apTepuasnbHaa rmnepTeH3uns, caxapHbli gnaber 2-ro Tvna, NOAMMOPGU3MbI FEHOB PEHUH-aHTMOTEH3N-
HOBOW CUCTEMBbI.

KoHdnukr unrepecos: aBTOPbI 3aABAAIOT 06 OTCYTCTBUM KOHPANKTA MHTEPECOB.

Mpo3payHocTb pUHAHCOBOW HWKTO 13 aBTOPOB HEe MMeeT PUHAHCOBOW 3aMHTEPECOBAHHOCTU B NPEACTaBAEHHbIX MaTepuanax.
AEATeNbHOCTH:

[Ona uutupoBaHua: ypasnesa /1.B., Kynnkosa M.B. Posib nonMmopd13moB reHoB peHUH-aHTMOTEH3MHOBOW CUCTEMbI B

Pa3BUTUM YIIEBOAHbIX HAPYLIEHUI Y NAaLMEHTOB C apTepuanbHOW runepTeHsnen. Cubupckuli MeduyuH-
ckuli xypHan. 2019;34(3):33-39. https://doi.org/10.29001/2073-8552-2019-34-3-33-39.

The role of the renin-angiotensin system gene
polymorphisms in the development of carbohydrate
disorders in patients with arterial hypertension

Larisa V. Zhuravlyova, Mariya V. Kulikova

Kharkiv National Medical University,
4, Nauky ave., Kharkiv, 61022, Ukraine

Abstract

Arterial hypertension and type 2 diabetes mellitus are the most widespread comorbid pathologies. The coexistence of these
disorders accelerates the development of micro- and macrovascular complications, considerably increases the cardiovascular
risk, as well as the risk of stroke and end stage renal disease. The synergism of these two pathologies is caused by the unity
of pathogenetic mechanisms. Genetic predisposition also contributes to the development of both pathologies. It is well
known that blockade of the renin-angiotensin system slows down the development of type 2 diabetes mellitus and also
reduces the frequency of cardiovascular or kidney events in patients with these disorders. Gene polymorphisms of the renin-
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angiotensin system are thoughtfully studied in the context of cardiovascular disease development. Currently, the role of gene
polymorphisms in the development of carbohydrate disorders is not established, however, there is a high probability of their
influence and importance. The purpose of review is to analyze the accumulated data on the effects of the renin-angiotensin
system gene polymorphisms on the development of arterial hypertension and type 2 diabetes mellitus.
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ApTepuanbHasn runepteHsua (Al) asnaeTca rasHbIM dak-
TOPOM pUCKa Pa3BUTUA 3a60seBaHNI cUCTEMbI KPOBOObPa-
LEeHMA U OAHMM M3 CaMbliX PAcnpOCTPaHEHHbIX XPOHUYECKMX
3abonesaHunit. CerogHa okosno 25% B3pOC/NOro HaceneHus
mupa ctpagatot Al, no nporHosam K 2025 r. pacnpocTpa-
HEHHOCTb laHHOro 3abosieBaHmA BbipacTeT Ao 1,5 mnpga ve-
NoBeK, a 7,6 M/IH NpeXaeBpeMeHHbIX CMepTell BO3HUKAOT
MMEHHO BC/1IeACTBME BbICOKOTO apTepuanbHOro AaBieHuA
(A4) [1]. PUCK BO3HMKHOBEHMA OC/IONKHEHUI U CMEPTH NpPU
Al pacTeT B COOTBETCTBUM C KONMYECTBOM COMYTCTBYHOLLMX
dakTopoB puckKa. Mo AaHHbIM MHOTMX 3NUAEMUONOTNYECKUX
uccnenoBaHuii, Anwb y 1% 60onbHbIX C NOBbiWEHHbIM ALl He
obHapy:eHo Apyrux $akTopoB pucka. TaK, 61% 60/bHbIX
MMET TPU UAn bonee GaKTOPOB PUCKA, YTO accoLMMpPOBaA-
HO C BbICOKMM OTHOCMTE/IbHbIM PUCKOM 0bLLel cmepTn —
3,8% [2].

Takum obpasom, B M3onnpoBaHHoOM Buae Al BcTpeua-
eTcA ToNbKO B 8% C/Ny4aeB, a B OCTaJIbHbIX C/ly4asAx OHa CO-
yeTaeTcs ¢ O4HUM UAK ABYMA M bonee dakTopamu cepaeu-
HO-COCYAMCTOro pucka. B 20—-22% cny4vaes Al coyeTaeTca ¢
runepavnuaemuei, 8 30% cayvyaes — ¢ runepaMnuaemmen
N OXUPEHUEM, TOrAa Kak 32% 60nbHbIX umetoT Al, anucam-
NUAEMUIO, OXKMPEHME U Pa3HOODOPa3Hble HApYLUEHUA yrne-
BOAHOIO 0obMeHa HapylleHWe TONEepaHTHOCTM K [OKO3e,
MHCYNMHOpe3ncTeHTHocTb (MP), caxapHbiii anabet (CA) 2-ro
Tmna [3, 4].

MNosbiweHne AAy naumnenTos c CL, 2-ro Tmna passmeaeTca
€ yyactmem 3ddeKToB aKTMBALMN PEHUH-AHTMOTEH3MHOBOM
cuctembl (PAC). MUMEHHO rvneprivkeMmns SiBAAETCA O4HUM
13 BaXKHeWWMxX GaKTopoB, BeayWMX K rMNeppeakTMBHOCTH
PAC. Kpome Toro, yvyactne PAC B pa3sutumn NP B 3HauuTenb-
HOWM cTeneHu onpefenseTca ee CNOCOBHOCTbIO yCUMAMBATH
pa3BUTME OXKMpPEHUS. BbiaBNEHO, YTO TaKoM KomnoHeHT PAC,
Kak aHrmoTeHsuH Il (AT Il), npuHMMaEeT yyacTme B peryaaumnm
pocTa 1 pa3BUTUA KMPOBOWN TKaHU [5].

Mo AaHHbIM MHOIMX aBTOPOB, M3BECTHO, YTO 6Gn0Kaza
PAC npuBoanT K cHmeHuto NP, KoTopaa ABAAETCA NPUHLK-
nuanbHbIM Npu3Hakom CA 2-ro Tuna [6, 7]. MmeHHO noaTomy
Ba)KHbIM ABAAETCA U3yyeHne ocobeHHocTell PAC, OCHOBHbI-
MW KOMMNOHEHTaMM KOTOPOM ABAAIOTCA aHMMOTEH3UHOrEH
(AGT), aHrMoTeH3suHNpespawaowmii bepmeHT (AMDP) 1 aH-
rmoteHsuH Il (AT 1) y 6onbHbIX Al 1 CONYTCTBYIOLWMMU yrae-
BOAHbIMWU HapyleHuAmK. [Jo cux Mop octaeTcA A0 KOHUaQ
He onpeAeneHo, 4Yto e nepsuyHo: Al uan CA 2-ro tvna?

MmetoTtca aaHHble 0 TOm, 4To UP ele 0 pa3BUTUA KAMHMYe-
CKux nposineHuit CA 2-ro Tuna u Al cnocobcTByeT NoBpek-
AEHUIO COCYAMUCTOMN CTEHKU. Tak, pe3ynbTaTbl UCCea0BaHUA
Atherosclerosis Risk in Communities (ARIC) npogemoHcTpu-
POBasIN, YTO }KECTKOCTb COCYAMUCTOMN CTEHKM, YBESIMYEHME KO-
Topol nposounpyet UP, ABAANack NPeAUKTOPOM Pa3BUTUSA
ATl: puck passuTtua Al ysennumsancsa Ha 15% Ha GoOHe CHU-
YKEHMA 3M1aCTUYHOCTU COCYANCTON CTEHKM Ha OA4HO CTaHAAPT-
Hoe OTK/IoOHeHue [8].

B TeyeHMe MHOMMX AecATUNETUN 3HAUMTENbHOE BHUMA-
Hue yaenaetca onpegeneHuto poan PAC B pasBuTUKM Hapy-
WeHUN [eATEeNbHOCTU CepAevyHO-COCYANCTON CUCTEMBI, a
MMeHHO B naTtoreHese Ar. AT Il — ocHoBHOI KomnoHeHT PAC,
KOTOPbIN CNOCOBCTBYET KOHCTPUKLMM FIOMEPYAAPHBIX apTe-
pvon, MeHAA TakKMm 06pa3om CKOpocTb KaybouKkoBon dunb-
Tpauuun. B kope HagnoyevyHuKkos AT |l BbI3bIBaeT BblaeneHmne
a/bA0CTEPOHA, KOTOPbIM, B CBOKO o4yepenb, YCUAMBAET pe-
abcopbuMIo HAaTPUA 3a CYET BbITECHEHUA MOHOB Kanus B No-
YyeyHble KaHanbLbl. Kpome atoro, AT Il cnocobeH nosbiwaTh
BOCMA/IUTE/IbHbIM NOTEHLUMaN, NPOBOLMPOBATb Pa3BUTHE OK-
CMAATUBHOTO cTpecca U ANCOYHKLMM SHAOTENNA, aKTUBUPO-
BaTb aTeporeHes [9-11].

Bnananue AT Il Ha cepaue 1 cocyabl OCYLLECTBAACTCA NpU
y4yacTum AByX TUNOB peuentopos. Yepes peuentopbl AT Il
1-ro Tvna (AT1-peuenTopbl) onocpenoBaHbl OCHOBHblE GU-
3unosiornyeckme u natodpusmonormyeckme spoektol AT I,
poJib peuenTopoB 2-ro Tuna (AT2-peLenTopbl) ocTaeTcs Npo-
TUBOPEUMBOMN. IKCNpeccua 3TUX PeLLenTOpOB 3HAYUTENbHO
YBE/IMYMBAETCA MPU Pa3HbIX NATONIOrMYECKUX COCTOAHMUAX,
CBA3a@HHbIX C BOCMaJleHNEM U pPeMoaeIMpoBaHNeM cepaua
n cocynos (Al, aTepocknepose, C[J 2-ro Tuna, MHbapKTe Mmu-
oKapga) [12, 13].

BbicoKaa aKTMBHOCTb KOmMoHeHTOB PAC TaKXe conps-
*KeHa ¢ passutmem C[, 2-ro TMna, a MMEHHO C pa3BUTUEM
mexaHusma WP. MprvmeHeHWe COBPEMEHHbIX MONEKyNAp-
HO-6MONOrMYECKUX TEXHONOTMIA NO3BOIUNO YCTAHOBUTb, YTO
nocTpeL.enTopHble curHanbHble cuctembl AT Il U MHCyAMHA
TeCcHO B3anmMocBsa3aHbl (puc. 1).

MHCYynnH nocne B3aMMOAENCTBMA CO CBOMMMU peLenTo-
pamMu Ha MOBEPXHOCTU KNETKU WMHAOYLUMPYET TUPO3uH-doc-
dopunnpoBaHue 6esKoB, KOTOpble ABAAIOTCA CybCcTpaTamm
WHCYNIMHOBbIX peuenTtopoB Tnoe 1 1 2 (IRS 1 n IRS 2). fanee
monekynbl IRS akTnBMpyroT PochaTMamnMHO3UTON-3-KMHA3Y
(P13-K), uepes KoTopyto OcyLlecTBAsSETCA nepenaya curHana



A.B. Xypasaesa, M.B. Kyankosa
POAb MOAMMOPTOM3MOB rEHOB PEHMH-AHMIMOTEH3MHOBOWM CUCTEMBbI B PA3BUTUM YTAEBOAHbBIX HOPYLLIEHWM

WHcynuH
Insulin

TpaHcnopT FtoKO3bI
Glucose transport

TNO

Pnakcauma cocynos
Vascular relaxation

MEK

MAPK

—
MuwuToreHes,
Mponndepaums
Mitogenesis,
Proliferation

Puc. 1. BansHue AT Il Ha passutue UP (Folli F., 1999)
Fig. 1. Effects of AT Il on the development of insulin resistance (Folli
F., 1999)

M peannsauma meTaboNMyecKMX M COCyAOopacLIMpPAOLLMX
3dPeKTOB MHCYNMHA (TPAHCMOPT INOKO3bl B K/IETKU, CUHTES
oKkcupaa asota). AT Il 6nokupyeT PI3-K — cuUrHanbHbIA NyTb
WMHCYNNHA B KNETKaxX COCYA0B U APYrMX MHCY/IMHO3aBUCUMBbIX
TKaHel, OAHOBPEMEHHO CTUMYAMPYA APYTYyH CUTHAbHYHO
cucTemy MHcynuHa (ras, raf, MEK, MAPK), koTopas npusoaut
K aKTMBaLMMU MUTOrEHHbIX U NpoandepaTMBHbIX NPOLECCOB
[14-17]. Takmum obpasom, AT Il 610KMpyeT OCHOBHOWN MeTa-
6onunyeckmnii apPeKT MHCYMHA — TPAHCMOPT FOKO3bI B KNET-
KM, ycunmeaeT nponandepaTUBHOE M aTeporeHHoe aeincrame
MHcyAuHa. pyrumun cnosamm, rmnepaktmsHocts PAC conpo-
BOXgaetca ycuneHvem NP nepudbepmnyeckmx TKaHew.
HanmeHee W3y4yeHHbIMW CEroAHA OCTAlOTCA FEeHeTU-
YeckMe MeXaHW3Mbl MPespPacroNOKEHHOCTU K PasBUTUIO
MeTaboNNYEeCKMX HapyLIeHWN, Pa3BMBAOLLMXCA Ha ¢oHe
cepAeyHo-cocyauncTbix 3abonesaHuii. B nocneaHee Bpemsa
[OKasaHo, 4To passuTMio Al cnocobcTByeT reHeTMyeckas
CKNOHHOCTb. leHeTuyeckme GakTopbl MOryT UrpaTb Cylue-
CTBEHHYIO PO/ib B pa3BuTuM Al, noATBepKAaTb €e NONUreH-
HblA XapaKTep, CNOCOBHOCTb MOTEHLMMPOBATb pPas3BUTHE
APYrvX CONyTCTBYOLWMX NATONOTMYECKMX COCTOAHUN.
Moatomy Nouck reHeTnyeckmnx mapkepos PAC, oTBeyvato-
LMX 33 pa3BuTre Al 1 CONYTCTBYIOLLUX HApYLLEHWI YINeBOA-
Horo meTab0/mM3Mma, ABNAETCA OYEHb aKTyaibHOW Npobaemon
W NpeacTaBAAeT MHTepec AN MHOTMMX y4eHblX. CI0KHOCTb MX
M3y4YeHMA 3aKtovaeTca B 60MbLIOM KOMYECTBE FeHOB, KO-
TOpble MOTYT y4acTBOBaTb B GOPMMPOBAHMUM HACNEACTBEH-
HOW NpeapacnoNoKEHHOCTU KaK CaMOCTOATE/IbHO, TaK U My-
TEM B3aMMoOZeNcTBMA Apyr ¢ gpyrom. B nocneaHee Bpems
HaKOM/JIEHO 3HauMTeNbHOE KOAMYeCcTBO MHPOpPMaLMM Kak
0 NoNMMOPGHbBIX yYacTKax reHoMa YenoBeka B Lle/IoM, TaK
M 06 X Koppensaunmn c pasnmyHbimu 3abonesaHnamm [18].
CTOUT OTMETUTb, YTO NOAMMOPGDU3IM MOXKHO 0BHAPYKUTb BO
BCEX CTPYKTYPHbIX 31€MeHTax reHOMa: 3K30HaX, MHTPOHaXx,
perynAaTopHbIX y4acTKax U T. 4.. Mpun aTom Bapuaumm, Hemno-

CpeAcTBEHHO 3aTparvBawolwme Koaupylowme dparmeHTbl
reHa (3K30Hbl), KOTOpPblE OTPAXKAOTCA HAa aMUHOKUCIOTHOM
nocnefoBaTeNlbHOCTU MX MPOAYKTOB, HabaoAatoTCa OTHO-
CUTENIbHO PefKo, OAHAKO MMEHHO OHU NPEeACTaBAAT Hau-
60/1bLUYI0 LEHHOCTb. BONBLWKMHCTBO ClyYaes noaMmopodmama
BblparKaloTca B 3amMeHax ogHoro Hykneotuaa (SNP — single
nucleotide polymorphism) nan B nameHeHUn Konuuyectsa
dparmeHTOB, KOTOpble aAybampytoTtca [19].

CerogHsa o0b6Hapy:KeHbl MNoAMMOpPdU3IMbI [ECATKOB re-
HOB, MpPETEHAYILWMX Ha PO/Sb HACNEACTBEHHbIX MapKepoB
aTepocKkneposa, Al, nwemudyeckon bonesHu cepaua (MBC),
MHGbAPKTa MMOKApAa, XPOHMYECKOM CepAeYHOlM HefoCcTaTou-
HocTu (XCH) n MMKpococyamcTbix ocnoxKHeHui CL 2-ro Tuna,
a UMEHHO AMabeTnyeckon peTmHonaTum n Hebponatum [20,
21]. OgHaKo OCTaeTcA He A0 KOHLLA MNOHATHBbIM UX KNAUHUYe-
CKOE M NPOrHOCTUYECKOe 3HAYEHMEe, KpOMe TOTo, AAHHbIEe n-
TepaTypbl OT/INYAKOTCA 3aMETHbIM NPOTUBOPEUYNEM.

B cBA3M € TeM, YTO OAHUM U3 FNaBHbIX MEXAaHWM3MOB pas-
BUTUS cMHepruyHon natonorum (Al n CA 2-ro Tuna) sasnsetca
AncbanaHc HerMporymopasibHbIX CUCTEM OPraHWM3ma, B YacT-
HOCTM NaToNOrM4yecKoe noBbiweHne akTuBHocTU PAC, umeH-
HO NOWUCK W U3y4yeHne NoAMMOPGU3MOB reHOB STOM CUCTEMDI
ABNAETCA cerofHa Hanbonee aKkTyaNbHbIM.

OaHMM M3 KntoueBbix KomnoHeHToB PAC asnsetcs AMNO.
M3BecTHbIN nonumopdusm reHa AN tuna I/D (insertion/
deletion) B 16-M MHTPOHE acCOUMMPOBAH C AKTUBHOCTbIO
AMN® B KpoBM: HOCUTENM TeHOTMNA || UMEIT camblii HU3KUI
ypoBeHb depMeHTa, Toraa Kak y aogen ¢ DD reHoTMnom oH
MaKCMMasbHbIi. Takum 06pasom, Hanune annenbHoro Ba-
puaHTa D coyeTaeTca ¢ NOBbIWEHHbIM cogepkaHnem AT I,
CHUKEHNEM YPOBHA BPaANKMHUHA U MOXKET BbITb GakTopom
PUCKa pa3BUTUA CePLEYHO-COCYAMCTOM naTonornm [22].

[lo HacToALLero BpemMeHW HAKOMAEHO MHOMEeCTBO AaH-
HblX 06 accoumaumm noanmopdusma reHa AMNd c MHPapKkTom
MWOKapaa, BHe3anHou cmepTbto, Al, runeptpoduei nesoro
®enyaouka (/1XK), runepTpoduyeckoit KapaMomuonaTuen,
AncoyHKUMen aHaoTenuns, 3a6oneBaHUAMM NOYEK U MUKPO-
COCYAUCTbIMU OCNnoKHeHuamu CL, [22-25]. B vacTHOCTM, B
OAHOM W3 MUcCNefoBaHWM BblNO YCTAaHOBAEHO, YTO HanUuue
annens D B reHOTMMNE NaLMEHTOB accoLMmMpoBanoch ¢ bonee
BbICOKMMM ypoBHAMM ALl (KaK CMCTOAMYECKOro, TakK U Aua-
CTO/IMYECKOTO), CKAOHHOCTBIO K KPU30BOMY TeyeHuto Al u
CTATUCTUYECKM 3HAUMMO Bonbluel BbIPaXKEHHOCTbIO runep-
Tpodum munokapaa JIK. Hannume reHotmna Il y naymeHToB ¢
AT, Ha060pOT, 6bI710 CBSA3AHO ¢ 6ECCMMNTOMHbBIM TEYEHMEM U
CTATUCTUYECKM 3HaUYMMO 6osee MO3AHMM BO3PACTOM MaHU-
decTtaumm [26]. Kpome Toro, nokasaHo, yto reHotun DD vaue
BCTpeyaeTca y nauneHtos ¢ MBC, CO v Hannumnem apyrux dak-
TOPOB PUCKA (rMNepaunuaeMmnen, KypeHnem, ceMenHbIM aHa-
MHE30M CepAeyHO-cocyaunCTbix 3abonesaHuit) [22, 26, 27].

Bo MHOrmx uccnegoBaHUAX MONAYyYEHbl AAHHbIE O TOM,
4yTO HebnaronpuATHbIE BapUaAHTbI FTEHOTMNOB NOAUMOPOU3-
ma |/D reHa AM® — ID 1 DD accoummpoBaHbl ¢ pa3sutriem Al
TaK, BbIACHEHO, YTO NpucyTcTBMe nosmmopodusma I/D reHa
AMN® cornacyetcs ¢ yposHamu AMNP B nnazme — roMoO3nUroThbl
DD cooTBeTCcTBYIOT NOBbILWEHHOMY ypoBHIO AM®. DD Bapu-
QHT reHoTMna 6bln accouMMPOBaH ¢ MHGAPKTOM MUOKapAa,
a TaKKe MHCYNbTOM U pa3sutuem Al [28].
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Mpu obcnefoBaHUM AOCTAaTOMHO GOMbLIOK MONYAALUK
(3145 uyenoBek) B pamkax OPpeMUHIEMCKOro nccaeaoBaHmn
6bl10 YCTAHOBNEHO, YTO Hannume D annena reHa AMd acco-
uumnpyetcs ¢ 6onee BbICOKMM ypoBHeM ALl y my*KuuH. Oco-
6eHHO BblpaXkeHHOM bblia cBa3b D annens ¢ yposHem Aua-
ctonuyeckoro Afl. [1na KeHLWMH TaKMX 3aKOHOMEPHOCTEN He
obHapy:keHo [29].

Cpean 60/bLIOTO KO/IMYECTBA FeHOB-KAaHAWAATOB reH
peuenTtopa 1-ro TMna K aHrnoteHsuHy Il (AGTR1) Takke
npvsaeKaeT K cebe BHMMaHMeE, NOTOMY UYTO Yepes Hero ono-
CpefoBaHO He TO/IbKO Ba30OKOHCTPUKTOpHOe aeicteue AT
Il, HO TaKk»Ke akcnpeccua GaKTOpPOB pocTa, Npoandepauma
rNafiko MyCKynaTypbl, BbICBOBOXAEHME WHIMOUTOPA TKa-
HEBOro aKTMBATOpPa NJa3MMHOTEHa W PAL, APYrMX BaXKHbIX
addekToB [30, 31]. leH, kogmpytowmit AGTR1, pacnonoxeH
Ha 3-i1 xpomocome (3g24). Hanbonee akTMBHO M3y4yancs
nonnmopodmam 1166C, KOTOpbIA NPUBOAUT K 3aMeHe aje-
HMHa (A) Ha unTo3uH (C) B 1166-m nonoskeHmmn reHa AGTRI.
A. Bonnardeaux M COaBT. AOKa3aau, YTO MyTaLusa MMEHHO
B 1166-M MNONOXKEHUM HYKNEOTUAHOM nocnenoBaTeNbHO-
cTn reHa AGTR1 BnauvAeT Ha PYHKUMOHANbHYIO aKTUBHOCTb
peuenTtopa n AT Il [32]. Nonnmopdumam A1166C B AGTR1
accoummpoBaH ¢ UBC, nHbapKTOM MMOKapaa U pa3BUTMEM
AT [32, 33]. OpyrMumun aBTOpaMK TaKKe ycTaHoBAEeHO, 4To AC
reHOTMN accoLMMpPOBaH C Honee BbICOKOM aKTUMBHOCTbIO AT
Il'y naumeHToB ¢ UBC, C }KeCcTKOCTblO COCYANUCTON CTEHKU Y
nauueHToB c Al [34-36].

He meHee BaxHoW coctasnsatoweit PAC asnsetca 6enok
aHrnoteHsmHoreH (AGT). OnucaHbl HECKO/IbKO MNoaMmopd-
HbIX BApUaHTOB reHoB, Kogupyowmnx AGT, ogHako Hanbonee
3HAYMMbIMKU ABAAIOTCA NoNMMOpPGHbIe BapuaHTbl M235T un
T174M, cBA3aHHbIe ¢ ypoBHEM aKTUBHOCTM AGT naasmbl Kpo-
BK, cogepKaHunem AT Il n, cneposatenbHo, C PUCKOM cepaed-
HO-cocyamcTbix 3abonesaHuii [37, 38]. Mo AaHHbIM NnUTepa-
TYpbl, Hann4mne annena pucka 174M reHa AGT ropasgo Yawe
BCTpeyaeTca y naumeHTos ¢ UBC, nepeHeceHHbIM MHPapKTOM
MWOKapaa v runeptpodurein mmokapaa /XK [38, 39]. MNpu us-
ydyeHun M235T nonmmopdmnama ycTaHOBAEHO, YTO BapUaHT
235T aBnseTca He3aBUCUMbIM GPaKTOPOM PUCKA PA3BUTUA UH-
dapkTa mmoKapaa, MBC. Kpome Toro, 6b110 06HapyKeHo, 4To
Hann4mMe ogHoro unm AByx T anneneit CONPOBOXKAAETCA Cy-
LLLeCTBEHHbIM NoBblWeHneM ypoBHA AGT B niasme, 4To nNpwm-
BOAMT K NOBbIWEHNIO cogeprKaHua AT Il, yem 60nbLIMHCTBO
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